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plain radiography, use of English language, the adult population.
We excluded abstracts and reviews. References were screened
for any additional potentially relevant papers. Data from each
paper was extracted on the hand joints studied, which grad-
ing system was used and whether definitions of radiographic
osteoarthritis were applied.
Results: The search identified a total of 719 publications, of
which 350 full text papers were obtained. 135 met the selection
criteria with an additional 24 papers obtained from screening
reference lists. Kellgren and Lawrence was the most frequently
applied grading system, used in 78% (n=124) of studies (Figure
1). Of 70 studies defining OA at the individual joint level, 65 (93%)
used a definition of Kellgren and Lawrence grade 2 (definite
osteophyte without impairment of the joint space)or greater.
Only 47 publications explicitly defined overall RHOA with 21
different definitions given based on 6 grading systems. The
majority of papers defining hand OA (83% n=39) and the majority
of definitions of overall RHOA (71% n=15) used the Kellgren
and Lawrence grading system. The minimal presence of an
osteophyte was required in most definitions of hand OA. Between
1996 and 2005, after a number of new atlases and grading
systems had been introduced, the Kellgren and Lawrence system
was still used in the majority of papers (86% n=30).
Fig. 1. Number of publications that applied different scoring systems to grade
RHOA, subdivided by date.
Conclusions: Despite the introduction of a number of new at-
lases and grading systems the Kellgren and Lawrence scheme
remains the most frequently used and the basis of defining ra-
diographic hand OA both at individual joints and of the hand as
a whole. There is a consistency in defining OA in a single hand
joint as Kellgren and Lawrence grade 2 or more. However, there
are substantial variations in the definitions of overall radiographic
OA in the hand. These variations hamper prevalence compar-
isons across different populations, and studies of the relationship
between RHOA and pain and disability. A consensus on the
definition of RHOA is needed.
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Purpose: Osteoarthritis (OA) of the ankle is less common than
OA of either the hip or the knee, but it nonetheless represents a
significant clinical problem, especially after trauma. In the knee
and the hip, quantification of the radiographic joint space width
(JSW) represents a primary means of assessing OA severity and
progression; here, we define a reliable method to quantify the
radiographic JSW of the ankle joint.
Methods: 95 subjects (71F, 24M) with symptomatic medial knee
OA (Kellgren-Lawrence grade 2-3, pain on ambulation >30 mm
on a 100 mm visual analog scale) who participated in an ongoing
longitudinal trial were evaluated. Each subject underwent stan-
dard anteroposterior (AP) radiography of the ankles and of the
supine pelvis, and semi-flexed fluoroscopy-guided PA knee radio-
graphy (Schuss view). The narrowest JSWs of the hips, knees
(medial and lateral) and the ankles were quantified using Im-
age J software (US NIH, Bethesda, MD, http://rsb.info.nih.gov/ij/).
Standard methodology was used for the hips and knees. For
the ankles, the midpoint of the upper surface of the talus was
determined using the Image J software, and the narrowest tibio-
talar JSW was measured on both the medial and the lateral
sides of this midpoint. The narrower of the medial or lateral JSW
was taken as the narrowest JSW of the ankle. 15 ankles were
evaluated twice on separate days, with the evaluator blinded to
previous results, for intraobserver variability. SPSS software was
used to determine Pearson’s correlations for the relations of the
ankles to hips and knees. Significance was accepted if p< 0.05.
Results: Mean±SD medial ankle JSWs for the right and left,
respectively, were 2.56 ± 0.50 and 2.55 ± 0.48 mm, and for
the lateral ankle JSWs were 2.45 ± 0.55 and 2.44 ± 0.52 mm,
respectively. Coefficients of variation for repeat measurements
were 1.13% for the medial and 4.5% for the lateral JSWs of the
ankle. The overall ankle JSW correlated with the hip JSW (r=0.40
and 0.49, for right and left, respectively), lateral knee jsw (r=0.37
for both right and left), as well as with height (r=0.30 and 0.42 for
right and left, respectively), and weight ((r=0.22 for both right and
left), but not medial knee JSW or with BMI. Also, medial and lat-
eral ankle JSWs correlated individually with the hip JSWs (Pear-
son’s r=0.37, 0.34, 0.48, 0.43, for the right medial & lateral and
left medial & lateral, respectively), as well as with the lateral knee
JSWs (r=0.32, 0.40, 0.35, 0.35, for the right medial & lateral and
left medial & lateral, respectively), but not with medial knee JSW.
Conclusions: Ankle joint space width can be reliably and con-
veniently quantified using Image J. Ankle JSW correlates with
the JSWs of the other clinically normal lower extremity joints
(such as the hip and the lateral knee), as well as with height;
the absence of correlation with medial knee JSW may reflect the
presence of OA in these subjects. This method may be useful in
clinical trials of ankle OA.
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Purpose: In articular cartilage quantification in osteoarthritis
(OA) research manual cartilage segmentation is a time consum-
ing task, particularly in multi-center clinical studies. In such stud-
ies the placement of the test subjects in the scanner is varying,
something that automatic quantification methods can be sensi-
tive to. The aim of this study was to present a fully automatic
method for the segmentation of knee cartilage from magnetic
resonance imaging (MRI) that is robust to subject placement
in the scanner, and to evaluate this robustness along with an
evaluation of the ability to differentiate a healthy population from
a population with OA using the automatically obtained volume
estimate.
Osteoarthritis and Cartilage Vol. 14, Supplement B S157
Methods: We studied 249 knees of which 123 were from healthy
subjects (defined by a score of 0 on the Kellgren-Lawrence (KL)
index determined from x-rays) and 126 from subjects with mild
to severe OA (a KL score of 1 or greater). The subjects were
21-80 years old with an average age of 56 years, and 45% were
females. The subjects were submitted to MRI examination of
both knees using an Esaote C-Span low-field 0.18 T scanner
performing Turbo 3D T1 sequences with an average sagittal slice
thickness of 0.81 mm. 31 knees were scanned once more within
a week in order to determine inter-scan reproducibility.
A software method for automatic cartilage segmentation of MRI
data that separates the voxels into cartilage and background
based on prior knowledge of the cartilage structure was further
developed by incorporating an automatic scheme that normalizes
for position variation of the test subjects in the scanner. This
normalization was achieved by iteratively first shifting the center
of mass found from the automatic segmentation towards a prior
center location, and then repeating the automatic segmentation
procedure.
The medial tibial and femoral cartilage compartments were seg-
mented using this software method and volume estimates were
obtained from the segmentation outcome. The estimates were
normalized by the width of the tibial plateau in order to enable
comparison of test subjects of different sizes.
Results: The inter-scan reproducibility for the 31 knees that
were scanned twice within a week was evaluated using pairwise
difference and linear correlation between pairs of measures. The
automatic method yielded a correlation coefficient of 0.96 for the
volume estimate between pairs of estimates on the same knee
for medial tibial and femoral cartilage (Fig. 1). The mean absolute
value of pairwise volume differences was 4.5%.
Before making the segmentation robust to position variation the
linear correlation coefficient was 0.92 and the mean absolute
pairwise difference was 7.6% for the volume estimate.
The cartilage volume obtained from the automatic method with
position normalization incorporated was significantly lower in OA
knees than healthy knees according to an unpaired t-test (p =
0.001).
Fig. 1. Medial tibial and femoral cartilage volume and KL index.
Conclusions: The results show that the volume estimation from
the automatic cartilage segmentation method is robust to vari-
ations in test subject placement in scanner, with a decrease of
the average pairwise volume difference to 4.5% when position
normalization is incorporated compared to 7.6% without. The
method has high reproducibility (linear correlation coefficient of
0.96), and it can separate healthy from OA populations with
statistical significance (p = 0.001). Therefore, and because the
automatic segmentation method is fully automatic, it may be
useful in multi-center clinical studies.
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Purpose: T2 relaxation time is a promising MRI parameter for
the assessment of cartilage damage in early as well as advanced
OA. However, to date, there is lack of data on reproducibility of
T2 measurements. Therefore, in this study global and regional
reproducibility of patellar cartilage T2 relaxation times were in-
vestigated.
Methods: 7 T2 map and T1-w FLASH WE (WE) data sets from
4 imaging sessions were obtained from the right patellae of
ten healthy volunteers using a multiecho (3000/13,2/8 echoes,
20 sections) sequence. Cartilage was segmented in the WE
sequence and this segmentation was overlaid on the Multiecho
data. Then T2 values were calculated for the total cartilage,
3 layers, 3 facets and - after further subdividing the cartilage
plate - for 240 Roi’s covering the patellae. Reproducibility was
calculated as the root mean square average of the individual
coefficients of variation [%] and standard deviations [ms] for
intra- and inter-session reproducibility.
In 6 additional volunteers, reproducibility (at equal resolution)
was compared between data from 1.5T versus 3T.
Results: The reproducibility error was between 3% and 7% for
total, layer- and facet-wise calculated T2. Roi’s reproducibility
was between 6% and 29%. There was no difference between
intra-session and inter-session reproducibility. There was a ten-
dency to worse reproducibility values in the upper as compared
to the lower layer. Reproducibility in the peripheral Roi’s (median:
13%) was worse than in the central portions (median: 11%) of
cartilage, but omission of the cartilage periphery did not positively
affect globally calculated T2 precision values.
There was no significant difference for absolute reproducibility
